pathology surveys report that in a relatively high percentage of cases, interobserver or intraobserver variabilities exist in regard to diagnosis (Samaratunga et al. 2002; Boireau et al. 2007; Eiber et al. 2007 ). The pathology report, however, basically determines postoperative clinical management including treatment and surveillance strategies. This urges the search for new markers to increase the specificity and reliability of pathological diagnosis. So far, there is not a single marker at hand that could overcome the predictive value of routine histological analysis. Therefore, new prognostic and predictive markers are needed to identify the group of those patients who would need more aggressive treatment to provide longer recurrence-free and/or overall survival.
The importance of tight junction morphology in the maintenance of integrity of uroepithelium and further in the prevention of recurrence of UCC was recognized quite a long time ago (Stravoravdi et al. 1996) . However, the molecular composition of tight junction, including the expression of claudins, has been the focus of studies since previous years. Claudins are integral transmembrane proteins of tight junctions with 24 known members in human tissues. The expression profile of various claudin types is organ and tissue specific and has been investigated by many working groups. The possible role of claudins in human tumorigenesis is strongly suspected. Multiple pieces of evidence proved that the molecular composition of tight junctions changes in several pathological conditions, especially during tumorigenesis. Aberrant expression correlates with tissue of origin, type of cancer, and even with invasiveness and survival (Awsare et al. 2007; Forster 2008; Martin and Jiang 2009; Ouban and Ahmed 2010) . The claudin profile characterizes different tumor entities; therefore, it might be utilized for differential diagnostic purposes (Lodi et al. 2006; Sobel et al. 2006; Paschoud et al. 2007; Sheehan et al. 2007; Nemeth et al. 2009 ). Moreover, data on claudin expression profile in different premalignant and malignant alterations suggest that claudins might serve not only as diagnostic but also as prognostic markers (Lechpammer et al. 2008) . Claudins might also dock therapeutic molecules and at the same time be primary targets of future therapeutic modalities (Saeki et al. 2010) . There are only few data available on the claudin expression profiles of various urothelial neoplasms of the human urinary bladder (Boireau et al. 2007 ).
IUP of the human urinary bladder is a relatively rare occurrence. IUPs are almost invariably characterized by benign biological behavior, supposing that the pathological diagnosis was achieved by means of strict morphological criteria (Sung et al. 2006b ). However, this statement has been challenged because in rare cases, IUPs coexist with malignant urothelial neoplasms (Cheville et al. 2000) . Molecular analyses also confirmed that IUPs arise on the basis of genetic changes, which are strikingly different from those of high-grade/high-stage urothelial neoplasms (Sung et al. 2006a; Lott et al. 2009 ). Therefore, distinction between IUP and inverted growth pattern of LG-UCC is essential. Moreover, diagnosing IUP might present difficulties because it may share morphological characteristics with UCIGP and might mimic LG-UCC as well. Morphological separation of UP, PUNLMP, and LG-UCC might also pose severe problems for the pathologist because neither morphological descriptions nor microphotographs in specialized handbooks provide substantial help in difficult cases.
It is well documented that noninvasive urinary bladder tumors have markedly better prognosis compared with patients with invasive cancers. Nonetheless, within this more favorable patient group-low-grade, noninvasive carcinomas-certain patients still have much shorter recurrence-free survival period often associated with decreased overall survival.
Proliferation marker Ki-67, cytokeratin-5/6 (CK-5/6), and cytokeratin-20 (CK-20) are expressed both in the normal and tumorous urothelium. CK-5/6 is localized in the basal and CK-20 in the superficial layers of normal urothelium, while Ki-67 nuclear positivity might be found in every layer (Cheville et al. 2000; Castillo-Martin et al. 2010) . Abnormal CK-20 expression (negative or more than 10% positivity) and increased Ki-67 expression are associated with higher grade and stage of UCCs (Jones et al. 2007; van Oers et al. 2007 ). Dysregulation of these proteins might support the differential diagnosis, but the data are insufficient regarding well-differentiated, noninvasive urothelial neoplasms Bryan et al. 2010) .
In the present work, our aim was to characterize the claudin expression profile and localization of claudins in UP, IUP, PUNLMP, and noninvasive LG-UCC cases as well as in independent normal urothelium. Moreover, besides studying the potential differential diagnostic value of claudins, we investigated whether differences in claudin expression bear with prognostic value regarding nonmuscle invasive urothelial neoplasms.
Materials and Methods
The claudin expression profile and clinical data of 80 transurethral resection specimens were analyzed: 15 IUPs, 20 UPs, 20 PUNLMPs, 20 LG-UCCs, and 5 independent normal samples. None of the control patients had any neoplastic urinary bladder lesions earlier. All investigations were performed under the permission of the Regional Ethical Committee of Semmelweis University.
A total of 30 IUPs were diagnosed in our institute between April 1994 and December 2010. Three cases were associated with simultaneous UCC. The clinical data of these samples were analyzed and published previously by our group (Riesz et al. 2010) . After the IUP cases were reviewed by a board of pathologists (ES,TS,JT,ZS,AKiss) according to the updated classification of WHO (2004) , 15 formalin-fixed, paraffin-embedded (FFPE) blocks proved to be suitable for immunohistochemical analysis. The mean follow-up period was 59.79 months (range = 3-126). The mean age of patients was 60.8 years (range = 9-91). The male/female ratio was 1.5:1 (IUPs = 2.75/1). Recurrencefree survival (RFS) was determined from initial diagnosis to the time of recurrence.
Methods
Tissue microarrays (TMAs) were created from 15 IUP samples, 20 UP samples, 20 PUNLMPs, and 20 LG-UCC cases. From each case, two core pieces 2 mm in diameter were taken for TMA blocks. Three randomly selected cases of each tumor group and all of the normal samples were analyzed in full-mount sections of FFPE tissue blocks. Immunohistochemical reactions were scored and measured by morphometry as well on both TMA and full-mount sections. There were no relevant differences between the TMA and full-mount immunohistochemistry results.
Histology and Immunohistochemistry
Tissues were fixed in 4% neutral buffered formalin for 24 hours. Diagnosis was established using H&E-stained slides cut from paraffin-embedded blocks. Paraffin-embedded, 3-to 4-μm-thick sections were used for immunohistochemistry. Reactions were carried out in BenchMark XT automatic immunostainer using multimer technology and diaminobenzidine as chromogen, with reagents registered according to the manufacturer's protocol (Ultra View Universal DAB detection kit; Ventana, Tucson, AZ). Antibodies, dilutions, and positive controls recommended by the manufacturers are listed in Table 1 . The appropriate antibody was omitted for negative controls, and only the antibody diluent was applied. The reactions revealed no signals.
Evaluation of Immunohistochemistry
Evaluation was performed by quantitative and semiquantitative methods as well. Four independent examiners (ES,PT,TS,AKiss) evaluated the reactions to register proper quality and tissue localization of the immunohistochemical reaction. Score values for semiquantitative analysis were calculated for each reaction: intensity multiplied with area positivity. Intensity scores were 0 for negative, 1 for weak, 2 for moderate, and 3 for strong immunohistochemical reaction. Area positivity scores were as follows: 1 (0%-5%), 2 (6%-25%), 3 (26%-50%), 4 (51%-75%), and 5 (76%-100%). For quantitative analysis, slides were digitalized using Mirax Midi slide-scanner system (3D Histech, Budapest, Hungary). Fifteen nonoverlapping, independent microphotographs (400x) were taken from each case, and then area positivity was evaluated quantitatively using Leica QWin V3 morphometrical software (Leica Microsystems Imaging Solutions Ltd., Cambridge, UK) for claudins, CK-5/6, and CK-20. The nonepithelial areas were excluded from the morphometrical analysis. Positive cells/total cells were calculated for Ki-67 evaluation from each slide. The mean values of each case were used for statistical analysis.
Statistics
All statistical analyses were performed using Statistica V8.0 software (StatSoft Inc., Tulsa, OK). After normality testing, nonparametric ANOVA test (Kruskal-Wallis) was used to examine the differences between normal, IUP, UP, PUNLMP, and LG-UCC cases because samples did not completely follow normal distribution. Kaplan-Meier method was used to analyze RFS. For Kaplan-Meier analysis, tumors of each entity were divided into two groups according to claudin expression: one group contained cases expressing claudin, CK-5/6, CK-20, or Ki-67 over the median (high expression), while the other group expressed claudin, CK-5/6, CK-20, or Ki-67 under the median (low expression). Comparison between survival parameters for different strata was assessed with log-rank statistics. To test the correlation between the result of scoring analysis and morphometry, Spearman rank correlation was used. p < 0.05 values were considered as significant.
Results

Immunohistochemistry
The epithelial expression pattern and intraepithelial distribution of individual claudins in normal, UP, IUP, PUNLMP, and LG-UCC cases were similar to previously published data of normal urothelium (Varley et al. 2006; Boireau et al. 2007; Nakanishi et al. 2008) . In certain IUP samples, it was rather difficult to assess the basal or superficial orientation in H&E sections ( Figure 1G ). It is noteworthy, therefore, that the standard intraepithelial differences in claudin distribution aided the orientation of the small-sized tissue fragments. Claudin-1 showed membranous reaction in the basal layers, mainly at the basal surface of cells having connection with the connective tissue, while upper layers showed no staining ( Figure 1B, 1E, 1K, 1N ). Claudin-2 revealed perimembranous and cytoplasmic granular reaction, with the reaction being stronger in the basal/parabasal layers. In some cases, the umbrella cells also showed positivity. Claudin-3 revealed only weak scattered expression, mainly at the membrane of the umbrella cells. Claudin-4 positivity was detected in the upper layers, diminishing towards the basal layers ( Figure 1C, 1F, 1I, 1L, 1O ). Claudin-7 positivity was weak and membranous, detectable in a similar localization as claudin-4. In some cases of PUNLMPs and LG-UCCs, only claudin-1 and -4 were observed in the whole extent of the epithelium. On the other hand, however, in 73% of IUP cases (11/15), claudin-1 positivity appeared in the whole depth of the tumor tissue ( Figure 1H ). Claudin-1 and -2 expressions were lower in LG-UCCs in comparison to UPs, IUPs, and PUNLMPs. However, only IUPs revealed significantly higher claudin-1 expression when compared with UPs, PUNLMPs, and LG-UCCs upon both morphometrical and scoring analyses (Table 2; Figure 2A and 2B) . Claudin-3, -4, and -7 expressions did not show major differences between analyzed groups. None of the cases showed marked claudin-3 expression (data not shown).
CK-5/6 expression was detected in the basal and CK-20 expression in the superficial layers of the investigated entities in concordance with the literature (Eiber et al. 2007; Castillo-Martin et al. 2010) . Dysregulated CK-20 expression was generally manifested in increased number of positive cells situated not only in the superficial layers but also in the intermediate layers of LG-UCC. PUNLMPs were characterized by significantly lower CK-20 expression in comparison to normal urothelium and LG-UCCs. Otherwise, there were no measured differences between the groups (data not shown).
LG-UCCs revealed significantly higher Ki-67 expression when compared with normals, UPs, and IUPs (Table 2; Figure 2C ). Morphometry altogether correlated significantly with the results of scoring (Spearman rank correlation, r = 0.75).
Follow-up Analysis
The mean follow-up period was 59.79 months (range = 3-126). One patient died of nonurological disease. All samples, except 2 PUNLMPs, were primary tumors. A total of 20 LG-UCC cases and 20 PUNLMPs, 18 UPs, and 15 IUPs were suitable for follow-up analysis. Recurrence appeared in 16 cases (10/20 LG-UCCs, 6/20 PUNLMPs); the mean RFS was 21.43 months (range = 4-60) in these cases. IUPs and UPs did not recur.
Two LG-UCC patients received one local mitomycin C (MMC) instillation within 6 hours after surgery. Thirteen patients received 6 MMC (2 PUNLMPs, 11 LG-UCCs), while 5 patients received 6 farmorubicin (2 PUNLMPs, 3
LG-UCCs) therapy treatments after the first operation. In case of UPs and IUPs, chemotherapy was not administered. There was no significant association between recurrence and chemotherapy. However, patients who received postoperative local instillation had longer RFS in comparison to patients who did not (22 months vs 16 months).
PUNLMPs showing decreased claudin-1 expression (under the median) revealed significantly shorter RFS in comparison to PUNLMPs highly expressing claudin-1 (over the median) in Kaplan-Meier analysis (log-rank test, p = 0.0289) ( Figure 3A and 3B) . Cases of LG-UCCs highly expressing claudin-4 (over the median) showed significantly shorter RFS as compared with other noninvasive UCCs expressing claudin-4 under the median (log-rank test, Kaplan-Meier analysis, p = 0.0063) ( Figure 3C and 3D ). RFS showed no significant association with expressions of claudin-2 and -7, CK-5/6, CK-20, or Ki-67 ( Figure 3E and 3F ).
Discussion
Similarly to earlier observations (Nakanishi et al. 2008) , the distribution of claudins showed urothelium-specific topographical distribution. Claudin-1 expression was typically found in the basal and intermediate layers, while claudins-3, -4, and -7 were detected mainly in the upper layers of the urothelium. This expression profile in case of claudin-4 and -7 was found to be especially marked in the UP, PUNLMP, and LG-UCC cases. Claudin-3 expression, on the other hand, was scattered and weak in our set of samples. Nakanishi et al. (2008) found weak claudin-3 expression in superficial UCCs of the upper urinary tract: 16 cases were negative (33%, 16/49), and 31 cases showed Note: Mean and standard error values are listed together with comparisons of the protein expression between normals, UPs, IUPs, PUNLMPs, and LG-UCCs. Horizontal groups were compared with vertical groups using the Kruskal-Wallis test. Significant changes (p < 0.05) are marked with an asterisk (*). UP = urothelial papilloma; IUP = inverted urothelial papilloma; PUNLMP = papillary urothelial neoplasm of low malignant potential;
LG-UCC = lowgrade urothelial cell carcinoma.
weak reaction (<10% positivity; 63%, 31/49), whereas only two superficial UCCs (4%, 2/49) revealed more than 10% positivity of claudin-3. The topographical difference between parabasal and superficial layers regarding claudin-1, -4, and -7 expressions can help the orientation of tumorous cell nests in crowded tumor tissues. Further, claudins could support definition of whether haphazard orientation of crowded stalks gives the impression of increased epithelial thickness or rather that the lesion is really composed of thickened, multilayered neoplastic epithelium.
Despite the fact that all investigated groups of urothelial neoplasias were noninvasive, the LG-UCCs revealed significantly decreased claudin-1 and significantly increased Ki-67 expressions when compared with the IUPs. These features could be possible aids for pathologists in establishing differential diagnosis of difficult cases. Such a decision has clinical relevance because primary IUPs are not treated after surgical resection, whereas LG-UCC patients receive postoperative treatment. Moreover, it would be crucial to determine which patient would need more aggressive treatment, resulting in more effective medical intervention and increased survival. Eiber et al. (2007) described significantly decreased Ki-67 expression in IUPs in comparison to urothelial carcinoma with inverted growth pattern, but in the expression of CK-20, there was no difference between the two groups. Ki-67 nuclear positivity was higher in LG-UCCs than in PUNLMPs; however, the difference was not significant.
Analysis of CK-5/6 did not reveal significant differences between the groups. CK-5/6 was found to be expressed in the basal layers, while CK-20 was detected in the upper layers of normal and tumorous urothelium. The literature also acknowledges the loss or gain of expression of CK-20 and CK-5/6 in UCCs (van Oers et al. 2007; Kaufmann et al. 2001) . However, lack of expression of CK-20 and Ki-67 was also reported in IUP (Jones et al. 2007 ). In fact, in our data sets as well, very high and very low expression was found in all investigated tumor groups. Higher CK-20 expression might help to separate LG-UCCs from PUNLMPs. Otherwise, it would be very difficult to draw a general conclusion, which could help establish the diagnosis in questionable cases.
Our findings of decreased claudin-1 and -2 expressions in LG-UCCs in comparison to UPs, IUPs, and PUNLMPs strengthen the notion that altered tight junction composition characterizes the process of carcinogenesis and tumor progression. However, only lower claudin-1 expression of LG-UCCs compared to IUPs proved to be statistically significant. Therefore, an unequivocal and general conclusion cannot be made on decreased expression of claudins in LG-UCCs. Decreased claudin-1 expression found in carcinomas in comparison to normal tissues characterizes several malignant tumor entities, including breast cancer (Tokes et al. 2005) , colon cancer (Resnick et al. 2005) , and prostate cancer (Krajewska et al. 2007) . Others, however, found that claudin-1 is strongly associated with colon carcinogenesis and is overexpressed in colorectal carcinoma (Kinugasa et al. 2007; Huo et al. 2009; Mees et al. 2009 ). On the other hand, Nakanishi et al. (2008) observed increased claudin-1, -3, and -4 expressions in advanced stages of UCC of the upper urinary tract associated with poor survival. Our finding of high claudin-4 expression in low-grade, noninvasive UCCs with worse clinical course and shorter RFS altogether supports the LG-UCCs and PUNLMPs were divided into two groups for RFS analysis according to claudin expression over the median and under the median. PUNLMPs expressing claudin-1 under the median showed significantly shorter RFS compared with PUNLMPs expressing claudin-1 over the median (Kaplan-Meier analysis; [A] morphometry, p = 0.0289; [B] scoring analysis, p = 0.0356).
LG-UCCs expressing claudin-4 over the median revealed significantly shorter RFS compared with LG-UCCs expressing claudin-4 under the median (Kaplan-Meier analysis, p=0.0063; [C] morphometry; [D] scoring analysis). RFS did not show association with Ki-67 expression being under or above the median (Kaplan-Meier analysis; [E] PUNLMP, p = 0.4701; [F] LG-UCC, p = 0.7910). Complete event = recurrence occurred; censored event = follow-up was terminated either because patient died or follow-up period ended; RFS = recurrence-free survival; UP = urothelial papilloma; IUP = inverted urothelial papilloma; PUNLMP = papillary urothelial neoplasm of low malignant potential; LG-UCC = low-grade urothelial cell carcinoma. association between high claudin-4 expression and more advanced stage of urinary carcinogenesis and progression. This finding suggests that the claudin expression profile might be used to predict the clinical behavior of UCCs. Further, novel in vitro data suggest that the claudin-4 expressing tumor cells might be a therapeutic target for genetically engineered cytotoxic fusion proteins recognizing claudin-4 as a docker molecule (Saeki et al. 2009 ). An in vivo animal model study demonstrated that this fusion protein can even antagonize tumor metastasis formation of claudin-4 presenting tumor cells (Saeki et al. 2010 ). We could not find any significant association between the expressions of claudin-1, claudin-7, CK-5/6, CK-20, and Ki-67 in urothelial tumors (whether benign or malignant) and RFS. Interestingly, inverse correlation was detected between moderate/strong claudin-3 and -4 expressions and overall survival in clear-cell renal cell carcinomas (Lechpammer et al. 2008) . Similarly, expression of claudin-4 correlated with advanced-stage prostate adenocarcinomas, while decreased claudin-1 expression independently predicted disease recurrence in multivariate analysis (Sheehan et al. 2007 ). On the contrary, Boireau et al. (2007) found decreased claudin-4 expression in invasive and high-grade UCCs by immunohistochemical and mRNA analyses, whereas superficial, low-grade UCCs did not show this phenomenon. The observation regarding altered claudin-4 expression, however, was made by comparing UCCs with their surrounding nontumorous uroepithelium. This evaluation setup might be influenced by field carcinogenesis and the lack of comparison with independent normal urinary bladder urothelium samples (Jones et al. 2005 ).
Conclusion
High claudin-1 protein expression might help to differentiate IUP from UPs, PUNLMPs, and LG-UCCs. High claudin-4 expression in case of low-grade papillary urothelial cancer, whereas low claudin-1 expression in case of PUNLMPs, might determine poor clinical outcome, while these expressional changes are associated with shorter RFS. On the contrary, low claudin-1 expression of PUNLMPs and high claudin-4 expression of LG-UCCs are associated with a markedly better clinical outcome. These features might assist the selection of patients who need more detailed patient follow-up and more aggressive treatment modalities.
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